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Gas chromatograms of alkanes obtained with Apiezon L coated c' 

capillary columns apparently provide a means of "fingerprinting" mixtures 
of saturated hydrocarbons. 
year old sediment, both, contain higher concentrations of even- than of 
odd-carbon number n-paraffins in the C 
trations of odd- than of even-carbon number-n-paraffins in the C 
range. Fischer-Tropsch saturated hydrocarbons on the other hand show a 
systematic increase followed by a systematic decrease in concentrations of 
homologous alkanes. These concentrational changes can be explained by the 
l o s s  of volatile components from an abiotic product in which the reaction 
equilibria led to a decrease in concentration of homologous hydrocarbons 
with increasing carbon number. Nonsystematic fluctuations in the concen- 
tration versus carbon number plots of homologous alkanes appear to be 
characteristic of biological alkanes of low as well as of high molecular 
weights. 
nonsystematically in concentration with changing carbon number. 

Alkanes from bat guano and from a 60 million 

to Cz0 range and higher concen-' 
to C31 2 3  

11 

Components of the benzene extract of the Orgueil meteorite vary 

INTRODUCTION 

Efforts during the second quarter of NASw-508 contract have been 
directed toward: 

1. 

2. 

3. 

4 .  

The development of gas chromatographic methods for the character- 
ization and identification of alkanes. 

The modification of the Consolidated 21-103C mass spectrometer. 

The fingerprinting of alkanes from biological, sedimental, and 
abiotic sources. 

A determination of the stability of the "fingerprints" of biological 
alkanes incorporated in sediments. 

STATUS OF RESEARCH PROJECT 

Installation of the Barber-Colman Model 10 gas chromatograph has 
been completed, 
was damaged in shipment, have been unsuccessful and the supplier will re- 
place the damaged unit. 

Repeated attempts to repair a temperature programmer, which 
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Methods of "f ingerprint ing" alkane mixtures have been developed. 

hydrocarbons are re ta ined  and i n  p a r t  are random- 
range can be 

Reference chro- 

10 to .'28 Sa t i s f ac to ry  cha rac t e r i za t ions  of alkanes i n  t h e  C 
ob t a ined , 
l y  re leased  from the  Ap ezon L coated c a p i l l a r y  columns. 
matograms of alkanes from b u t t e r ,  oys te rs ,  ba t  guano, cow manure, Recent 
marine sediments, anc ien t  sed imen t s ,  crude o i l ,  and a Fischer-Tropsch 
product a r e  on f i l e .  These da ta  c l e a r l y  i n d i c a t e  t h a t  b io log ica l  pa t t e rns  
may pers is t  i n  sedimental alkanes f o r  a t  l e a s t  60 mi l l i on  years.  

but c28 to c31 

A v a r i e t y  of subs t r a t e s  have been prepared f o r  t he  a n a l y t i c a l  
and preparatory columns. F lorsa l ,  a hydrogenated pine r e s i n ,  on Chromsorb 'V" 
was too v o l a t i l e  t o  use i n  t h e  separat ion of C and l a r g e r  a lkanes.  Separa- 
t i o n s  have been obtained on SE 30 s i l i c o n e  and*gpiezon L on Analabs: and 
Chromsorb 'VI1 supports i n  ana ly t i ca l  and preparatory s i z e  columns, but  t he  
problem of maintaining a constant sample s p l i t t i n g  r a t i o  f o r  t he  preparatory 
column has not  been solved,  

Modifications of t h e  Consolidated 21-103C mass spectrometer a r e  
nea r ly  complete, and the  modified u n i t  should be ready f o r  t e s t i n g  wi th in  
two weeks. 

T';f hfYf One hundred pounds of bat guano and 150 pounds of cowman 
been ex t rac ted  with benzene. Liquid phase chromatographic f r a c t i o n a t i o n  of 
t h e  ba t  guano and a por t ion  of  the cow manure e x t r a c t  yielded *Y,? grameidnd 
1-5 grams of b io log ica l  alkanes respec t ive ly .  n -Paraf f ins  i s o l a t e d  i n  the  
urea adducted f r a c t i o n  of the  cow manure alkanes a r e  being used a s  references 
f o r  t he  loca t ion  of  t h e  n-paraff in  peaks i n  the  chromatograms of o ther  s a t -  
u ra t ed  hydrocarbon mixtures ,  

A 5 gram port ion of the alkanes i s o l a t e d  from a P le i s tocene  crude 
o i l  have be f r ac t iona ted  on an alumina column a t  a ge l  t o  sample r a t i o  of 
10,000 t o  1"'. This f rac t iona t ion  separa tes  alkanes by molecular weight 
and t y p e ,  and the  alumina f rac t ions  of t h e  crude o i l  a lkanes a r e  being em- 
ployed i n  the  development of techniques f o r  t he  i s o l a t i o n  and i d e n t i f i c a t i o n  
of b io log ica l  alkanes.  

DISCUSSION 

The i d e n t i f i c a t i o n  of l i v i n g  th ings  o r  t h e  remnants of former l i f e  
may be easier t o  accomplish than t o  explain.  Most inanimate th ings  can be 
p rec i se ly  described by equations; whereas p l an t s  and animals have a d i f f i -  
c u l t l y  def inable  order  t h a t  g rea t ly  exceeds t h e  order  found i n  inorganic  ma- 
t e r i a l s .  
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Natural  laws do not favor h ighly  ordered systems. Living things 
e x i s t  only a s  long as complex organic molecules, working i n  concer t ,  acqui re  
and d i r e c t  energy t o  the  maintenance of  t he  l i v i n g  s t a t e .  
d i e s ,  most of the.order  associated with i t  i s  l o s t .  
records of p r e h i s t o r i c  l i f e  and ancient  c i v i l i z a t i o n s  have been found i n  t h e  
s t a b l e  remnants and a r t e f a c t s  of l i f e  t h a t  can resist the  erosion of time. 

When an organism 
Nonetheless, l e g i b l e  

Although most s tud ie s  of p r e h i s t o r i c  organisms have been dependent 
on f o s s i l i z e d  c e l l u l a r  d ske le t a l  remains, recent  i nves t iga t ions  and theo- 
r e t i c a l  considerations@' ind ica te  t h a t  c e r t a i n  alkanes may be more ubiqui tous 
and less a l t e r e d  remnants of l i f e  than a r e  f o s s i l s .  
unsaponif iable  port ion of the  l i p i d  f r a c t i o n s  of p l an t s ,  animals, and sed i -  
ments. Dis t r ibu t iona l<*and s t r u c t u r a l  (8:yf lar i t ies  between b io log ica l  and 
sedimental alkanes have been reported , furthermore, t he  f i r s t  four C 
o r  l a r g e r  branched chained paraf f ins  i d e n t i f i e d  i n  petroleum a r e  saturate!14 

e o 'd  

Alkanes appear i n  the  

isoprenoids that  were previously i d e n t i f i e d  i n  l i v i n g  . Alkanes a r e  the  most s t a b l e  of the  known b io log ica l  sub- norisopF; th ings  ,?, 8 , 5, aay 
s tances .  

Data presented i n  F igu res  1 through 4 show the  d i s t r i b u t i o n s  of n- 
p a r a f f i n s  i n  cow manure and of t h e  a lkanes from ba t  guano, anc ien t  sediments 
and a Fischer-Tropsch product. 
n -pa ra f f in s  were es tab l i shed  by re ference  compounds, these  n-paraf f ins  were 
used t o  determine the  carbon number and pos i t i on  of the  n-paraf f in  peaks i n  
t h e  chromatograms of o the r  mixtures  of a lkanes.  
and 3,  are t h e  p e r i o d i c i t i e s  of the  n -pa ra f f in  concentrat ions i n  t h e  C t o  

I n  t h e  lower carbon number range t h e  
even-carbon number n -pa ra f f in s  a r e  most abundant, whereas i n  the  higher  carbon 
number range the  odd-carbon homologs are most abundant. 
hydrocarbons shown i n  Figure 3 a r e  approximately 60 mi l l i on  years  o ld ,  t h e  
da ta  i n  Figures 2 and 3 i nd ica t e  t h a t  b io log ica l  hydrocarbons can r e t a i n  t h e i r  
d i s t i n c t i v e  d i s t r i b u t i o n s  i n  some sediments f o r  a t  l e a s t  60 mi l l i on  years .  
Previously,  spectrometr ic  and spectroscopic analyses  have been c i t e d  as ev i -  
dence t h a t  some bio logica l  a 1  e s  maintain t h e i r  s t r u c t u r a l  i n t e g r i t y  f o r  
hundreds of mi l l i ons  of years"'. Changes i n  the  concentrat ions of t he  
Fischer-Tropsch alkanes i n  Figure 4 follow a s i m p l e  pa t t e rn .  Thei r  concen- 
t r a t i o n s  increase  a t  low carbon number because some of the  v o l a t i l e  a lkanes 
were l o s t  when the  sample was recovered from t h e  so lvents  used i n  i s o l a t i n g  
these  alkanes fe;om other  Fischer-Tropsch products.  The systematic decrease 
i n  the  high molecular alkanes i n  Figure 4 i n d i c a t e  t h  i e l d s  of a lkanes 

After t he  carbon numbers of t he  cow manure 

Noteworthy, i n  Figures 2 

11 and i n  the  CZ3 t o  C30 ranges. c20 

Since t h e  sedimental 

decrease with carbon number i n  t h i s  a b i o t i c  synthes is  PW . 
Figure 5 presents  a chromatogram of a benzene e x t r a c t  of the  Orgueil  

meteor i te .  This chromatogram was furnished by Professor  D. J. Hennessy of 
Fordham Universi ty ,  and i t  was obtained on an a n a l y t i c a l  r a t h e r  than a c a p i l -  
l a r y  columnr Although a d i r e c t  comparison between the  data  i n  Figure 5 and 
i n  Figures 1-4 i s  not permitted,  i t  i s  of i n t e r e s t  t h a t  t he  peak he ights  i n  
t h e  chromatogram of the  meteor i t ic  e x t r a c t  vary nonsystematically.  
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